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?0.  ACSTF'ACT  ^C«»nF/fjiio  on  rrvmo  fide  H riecrftsr.ry  <»n«/  identify  by  block  nuntbff) 

The  48-inch  (121.92  cm)  diameter  Carfield  Tiiomas  Water  Tunnel  of  the  ,Ap))lied 
P,er.carch  Laboratory  wa.s  lecenlly  used  to  compare  tlie  relative  cavitation 
charactuvi  sties  (>f  propelleis  operating  on  a surface  sliip  hull.  A basic 
obiective  of  the  investigation  was  to  develop  a mc'tliod  of  vi.sing  this  facility 
for  surface  ship  propeller  evaluations. 

Evaluation  of  a prc.,">n  ..r  op"i.Tled  vith  a mo(Ul  luill  in  .’i  ei'  tunnel  so 
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of  tosLlug  iuirfocc  ship  p-ropol  loi's . Althoupji  uoiLhov  rromJf  nor  Reynolds 
nu::il)or  scaiinp,  v.’as  applicable,  it  was  dcmonsLiatcd  that  meaningful  cavitation 
results  cou3d  bo  obtained  ii'  the  flow  conditions  in  tlie  ])lane  of  the  propeller 
ii!atcl)i'd  tlior.e  measured  in  towing  tank  tests  wliere  the  effect  of  the  free 
surface  was  present./' 
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The  ^8-inc.h  (121.92  cm)  climneter  Garf  ield  Tliomas  b'ater  Tunnel 
of  the  A})plicd  Research  L;iboratory  v.'as  recently  used  to 
compare  the  relative  cavitation  characteristics  of  propellers 
operating  on  a surface  r.hip  liulJ  . A basic  ob.iectivc  of 
the  Investigation  was  to  develop  a method  of  using  this 
facility  for  surface  ship  p'opeller  evaluations. 

Evaluation  of  a propeller  operated  with  a model  hull  in  a 
water  tunnel  so  that  the  three-dimensionality  of  the  flow 
is  maintained  is  one  of  several  tecliniques  of  testing  surface 
shi])  propellers.  Although  neither  Froude  nor  Reynolds 
number  scaling  was  applicable,  it  was  demonstrated  that 
meaningful  cavitation  resuits  could  I'O  olitained  if  the  flov: 
conditions  in  the  plane  of  the  propeller  matched  tliose 
measured  in  towing  tank  tests  v/here  the  effect  of  the 
free  surface  was  present. 

Tlie  work  described  in  this  paper  was  sponsored  by  the 
Naval  Sea  Systems  C.onmumd,  Code'  037,  Subproject  S.IS  3RD12, 
Task  17730,  U.  S.  Navy.  'I'liis  manuscript  was  prt'parcd  for 
submission  to  the  Society  of  Naval  Arcliitects  and  liarine 
Engineers  for  publication  in  the  Journal  of  fNiij’  R(’se_a^rch 
o r M;! r_i  ne  Te >2p  1 ogy . 
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NOMENCi.AT'JilE 
the  propeller  dieiiietcr 
the  advance  ratio 
the  torque  coefficient 
the  thrust  coefficient 
the  shaft  rotational  speed 

the  uncorrected  test  section  static  pressure 

the  vapor  pressure  of  water  at  its  average  temperature 

the  dcslnent  free  stream  static  pressure 

the  radial  velocity  component 

the  uncorrected  test  section  velocity 

the  longitudinal  or  axial  velocity  component 

the  peripheral  velocity  component 

the  nouiirial  ship  speed  or  tlte  equivaieui;  free  stream  test 
section  velocity  corrected  for  model  blockage 
the  fluid  mass  density 
the  cavitation  index 
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Tlip  £:llbjec^  of  testing  jiropcllcrs  to  be  used  on  surface  sbii's  and 
in  particular  tlie  simulation  of  the  shl)''.s  vake  is  a very  complicated 
one.  The  best  nictljod  of  performing  laboratory  tests  of  such  propellers 
is  a subject  of  continuing  investigation.  Some  tecliniques  presently  used 
by  various  laboratories  include:  (1)  flow  regulation  in  a water  tunnel 

by  screens  or  metering  devices  in  which  ojily  the  a>:ial  velocity  component 
of  the  siiip's  wake  is  simulated;  (2)  u.se  of  a complete  slilp  model  in  an 
evacuated  towing  tank  which  enables  the  sliip's  wake,  free  surface  effects 
and  cavitation  to  be  simulated;  (3)  mounting  the  projieller  relative  to 
a model  hull  shape  in  a water  tunnel  so  that  the  three-dimensionality 
of  the  flow  is  maintained. 

The  first  technique  can  be  er.tended  in  some  cases  to  include  tlic 
simulation  of  radial  and  tangential  componenf.s  of  velocity  in  the  plane 
of  the  propeller  by  inclining  the  axis  of  the  propeller  by  an  appt opr i.-iLc 
amount.  Generally,  such  an  installation  requires  powering  the  model 
from  behind,  which  negates  any  chance  of  observing  the  cavitatlng  hub 
vortex. 

The  second  technique  is,  of  course,  limited  to  a laboratory  like  the 
Netherlands  Ship  Model  Basin  (KSMB)  at  Uageningen,  Beference  (2),  which 
has  sucli  a unique  facility.  Potentially  it  offers  a means  of  scaling 
Froude  number  and  cavitation  number.  lIov.’evcr,  the  model  size  limitations  tr> 
which  experimentation  is  usually  restricted  maltes  Reynolds  number 
scaling  nearly  Impossible. 

The  third  technique  wliicl)  has  also  been  employed  at  NSMB  offers 
anotlier  alternative  for  wati’r  tunnel  facilities.  It  is  this  technique 
which  has  been  .Tiiplicd  in  the  AR/.’s  48-incJi  (121.92  cm)  diameter  water 
Tiic  cli.nens  Lon.s  of  (bis  iv.iler  lunn.'I's  i i:;i  mtI  i<ni  jn  ini''. 


tunnel . 
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the  instalJaLion  of  a uiodel  of  reasonable  size.  Tills  C'xpcTiinent al  | 

technique  does  not  permit  complete  Reynolds  number  scaling  or,  i/ec.iuse  ■ 

there  is  no  free  surface,  Froude  nuir.l>er  scaling.  In  effect  zero  Froude  ' 

number  or  a rigid  water  surface  i.s  assumed.  Reynolds  number  based  I 

on  ship  length  does  not  appear  to  be  a critical  scaling  parameter  for 
this  kind  of  test  because  the  propeller  is  located  outside  of  the  expected 
hull  boundary  layer. 

These  considerations  led  to  the  conclusion  that  significant  propeller 
cavitation  testing  could  bo  conducted  in  the  ARL's  large  vjater  tunnel  | 

using  a model  hull  of  appropriate  size.  One  of  the  objectives  of  tliis  | 

study  was  to  determine  the  validity  of  this  conclusion.  RTiile  the 
effects  of  tunnel  wall  interference  and  the  Inability  to  scale  Reynolds 
and  Froude  number  were  of  great  concern,  it  was  felt  tliat,  if  the  flow 
conditions  in  the  plane,  of  the  propeller  could  be  demonstrated  to 
accurately  match  those  previously  measured  in  tov/ing  tank  tests,  tiie 
cavitation  Lest  results  would  be  meaningful.  If  a model  hull  alone 
proved  inadequate  in  producing  the  correct  flow  field  in  the  vicinity 
of  the  propeller,  devices  such  as  screens  or  judiciously  placed  inserts 
could  be  used  to  further  alter  the  flow. 

The  ARL  conducted  test  programs  to  evaluate  the  cavitation  character- 
istics of  ;i  scries  of  propellers  for  two  surface  ships.  The  validity 
of  the  ARb  installations  were  verified  by  tlie  close  agreement  of  the 
propeller-plane  wake  surveys  witli  those  measured  in  towing  tank  tests. 

Conjparison  of  the  Llirust  and  torque  measurements  with  predicted  full- 
scale  data  provided  additional  credibility  to  the  water  tunnel  installation. 

These  thrust  and  tortiue  data  provided  the  means  for  docunu'ut  ing  the 
propeller  c.u'it.at  i 0!i  rbireclerj  cl;  on  •■it!  ■ r a tlw-.';t  or  1 orqui’  id  ..i;:y 


basis. 
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Due  Lo  the  lindLeu  amount  of  full-scale  cavitation  liata,  tiie  cavitation 
scaling  laws  from  model  to  full-scale  are  not  well  defined.  However, 

It  is  possible  to  evaluate  propeller  cavitation  characteristics  on 
a relative  basis  using  model  propellers.  This  relative  performance 
is  dependent  upon  having  the  best  possible  modeling  of  the  ship's  v;a1:c, 
which  means  that  the  peripheral  and  radial  components  should  be  present. 

It  is  concluded,  therefore,  that  the  use  of  a model  hull  in  the  ALL 
48-incli  (121.92  cm)  water  tunnel,  tliough  not  as  good  a simulation  as 
is  possible  in  a vacuum  tov;ing  tank,  is  better  than  that  v.'hich  can 
be  attained  with  a flow  regulator  or  screens  which  simulate  only  the 
axial  wake  velocity. 

This  insrallation  also  provides  an  opportunity  to  compare,  on 
a relat  -s,  the  effects  of  such  parameters  as  rudder  throw,  upstre-am 

appe  rtrut  geometry  on  the  propeller  cavitatioii.  With  piopui. 

instrumentation,  tlie  measurement  of  the  unsteady  hull  pressure  forces 
and  the  relative  noise  levels  is  also  possible. 

Altliough  the  (luestion  of  data-scaling  is  al\,'ays  present,  the  prospects 
of  obtaining  significant  scaling  information  between  model-scale  and 
full-scale  data  in  future  programs  .are  very  promising. 

Described  in  the  remainder  of  this  document  is  tlie  development  of 
the  method  employed  to  utilize  the  48-incb  (121.92  cm)  diameter  water 
tunnel  for  surface  shij)  propeller  evaluations.  Where  required,  data  or 
flgurt;s  from  either  or  both  of  the  test  programs  will  be  used  for 
il lustrativc  purposes. 


L 
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2.  IlODrj.,  DESIC.'I  A.\’D  FAlilUCATIOE 

For  the  test  prograns  described  herein  thc‘  model-scale  was  ch.osen 
to  correspond  to  existing  wooden  towing  tank  models  wiilcli  were  used 
as  forms  for  fabrication  of  the  fiberglass  water  tunnel  hulls.  Ihc 
results  of  powering  calculations  based  on  full-scale  data.  Indicated 
that  a sufficient  range  of  propeller  advance  ratios  could  be  obtained 
at  test  section  velocities  of  25.0  ft/sec  (7.62  in/sec).  The  required 
model  power  was  provided  by  using  two  20-horsepower  (14.92  kw)  motors 
operated  either  in  tandem  or  in  parallel. 

In  each  case  the  V7ater  tunnel  model  hull  was  designed  so  that 
the  overall  length  was  decreased  to  permit  the  model  to  fit  the  test 
section.  This  was  accomplished  by  blending  a sliortened,  streamlined 
nose  to  the  aft  portion  of  the  full  model . The  shortened  hulls 
were  constructed  in  three  pieces  from  a fiberglass-resin  composition 
with  a minimum  thickness  of  1/4  inch  (0.635  cm).  Appropriate  parting 
linos  were  made  so  that  assembly  of  the  hull  over  tlie  model  motors 
and  strut  arrangement  could  be  accomplished.  An  assembled  model 
is  shown  in  Figure  (2)  and  a schematic  of  the  water  tunnel  Installation 
is  presented  in  Figure  (3). 

To  reduce  installation  problems  the  model  was  mounted  in  an 
inverted  position  on  a one-inch  (2.54  cm)  thick  flat  plate  located  in 
the  lower  portion  of  the  tunnel  test  section  sucli  that  the  center  of  Ihe 
propeller  hub  X'.’as  located  at  the  centerline  of  the  vaster  tunnel  working 
section.  The  model  is  longer  than  the  hatcli  cover  and,  therefore,  could 
not  bo  attached  to  it.  If  the  model  were  to  be  attached  right  side  up  to 
a plate  in  the  upper  portion  of  tlie  working  section,  the  model  would  h'- 
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rel.it- ivo3  y iniicc.  bJ  e foi  in;-;  t;i3  In  lion  anti  ad  j iJi;(.ir:C‘nl;  om;e  these  supiiorl  i.r;^ 
plates  v.’orc  in  place.  Tiie  veipht  of  such  a large  iiindel  also  imposes 
many  proljleins  when  being  positioned  v.uth  reference  Lo  all  auxiliary 
hardware. 

With  the  model  mounted  in  an  inverted  position  an  error  in  the 
static  pressure  occurs  due  to  the  icc'e.  sal  of  the  liydro.stati  c pressure  j 

gradient . For  the  model  propellers  used  in  the  subject  programs  tliis  | 

! 

error  was  approximately  two  iiercent  of  tlic  minimum  measured  cavitation  j 

indices.  In  general.,  this  is  v.'ithin  the  accepted  limits  of  the  data  f 

scatter.  However,  for  larger  propellers  a simple  correction  could  be  | 

j 

included  in  the  data  reduction  program.  | 

The  model  motors  were  mounted  in  watertight  containers  which  vjore 
installed  inside  the  model  hull.  Because  the  motor  casings  were  watertight 
and  the  required  electrical  and  cooling  v.’ater  lines  were  installed  tlirougli 
a strut-tube  arrangement  the  model  hull  could  be  flooded.  Tlie  propeller  i 

shafts  were  attaclied  to  strain-gaged  cells  within  the  casings  for  measure- 
ments of  thrust  and  torque. 

The  propeller  shaft  supporting  struts  for  tlie  first  model  were 
initially  made  as  flat  plates  with  semicircular  leading  and  trailing 
edges  and  were  Installed  parallel  to  the  model's  centerline.  It  was 
learned  after  testing  began  that,  on  tlie  prototype,  the  struts  VTcre 
airfoil  shaped  and  were  oriented  at  a specified  angle  relative  to  tlie 
centerline  of  the  model.  This  change  in  strut  design  was  made  later 
but  was  not  in.stituted  until  after  the  c>.'mpletion  of  the  initial  test 
program.  'Jhe  rudders  were  fabricated  from  aluminum  stock.  Frovision 
was  made  for  the  deflection  of  the  rudder  up  to  25°  in  both  port  and 
st.irho.iid  d i recti  on.',.  '( !i  i r:  pri'vision  w/n.  i ade  to  deicir'ine  I !..■  effeil 

of  Judd.  r lieflccLlon  c>ii  the  eavitc.tion  ch.irar.  ( eri  s 1 1 ci; 


of  the  p ropi'  I li’  r . 
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Finally,  jirovision  v;as  madu  to  allow  a v;alu->  .survey  to  bo  conduct  od 
in  the  plane  of  the  propeller.  A description  of  the  mecli.'ini.sin  used 
and  tlie  results  of  the  survey  follow  in  the  next  section. 

3.  WAKE  SURVEYS 

To  verify  t!ie  accuracy  of  the  model  installation  and  to  evaluate 
tlie  blockage  characteristics  inherent  with  the  inntallati  ^n  of  large 
models  in  the  test  section  of  the  48-inch  (121.92  cm)  diameter  water 
tunnel,  velocity  surveys  vjere  conducted  in  the  propeller-disk  plane 
of  both  models.  The  rotating  wake  rake  which  was  composed  of  six,  five- 
hole,  angle-tube  probes  and  is  shown  in  Figure.s  (4)  and  (3)  was  ■ -ed 
to  measure  the  three  velocity  components.  The  design,  cal ibrati  n, 
and  application  of  tliese  probes  are  discussed  in  detail  in  Reference 
(3). 

Tlie  wake  rake,  which  is  shov.m  installed  in  Figure  (6),  was  rotated 
through  360°  in  3.6°  increments.  At  eacli  of  these  angular  positions, 
data  were  recorded  from  each  of  tiie  six  probes  located  at  their  prescribed 
radial  positions.  The  data  were  automatically  punched  on  paper  tape 
and  processed  on  the  IBM  1130  computer  sy.stem  v.’hich  simultaneously  calculated 
and  plotted  the  resulting  velocity  surveys.  All  wake  surveys  were  conducted 
at  a nominal  ship  speed  of  16.0  ft/sec  (4 . 8S  m/soo). 

A representative  wake  is  presented  grajihically  in  Figure  (8).  The 
wake  data  previously  measured  during  tov.’ing  tan’;  tesus  have  been  represented 
by  the  piecev^ise  continuous  ciirve.s  witli  linear  sci'.nients  between  data 
point.s;  wiiercas,  the  ARh  data  ;ire  presented  as  individual  data  points. 

Tliese  ARE  data  are  presented  a.s  velocity  ratio.-;,  namely,  (V^/V^)  , (V^/V^.) , 
and  (V  /V  ) wliore 

.J-  c/ 
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= the  ]ou"iti!cliual,  or  nxial  , volocJ  ty  rat  io, 

V /V  = tiio  radinl  veloc.ity  ratio, 

Vq/V^.,  = the  peripheral  ve.locity  ratio, 

and  = the  iioaiinal  ship  s])ced  or  the  equivalent  free 

stream  velocity  corrected  for  model  blockage. 

The  data  were  initially  calculated  in  the  form  (V  /V  c )>  A’,,.  (■  ) 

and  (Vq/V^  ^ ) wdierc  V^,  ^ is  tlic  test  section  velocity  measured  by  a 
wall  mounted  pitot-static  probe  in  tlie  propeller  plane.  The  ART  data 
were  adjusted  on  a mass  flov;  rate  basis  to  account  for  the  model  blockage 
and  the,  growth  of  the  boundary  layers  on  the  model  hull  and  ttie  test 
section  wall. 

The.  wake  data  presented  here  were  remeasured  several  times  showing 
excellent  repeatability.  In  an  atte'.npt  to  determine  the  influence  of 
the  shortened  hulls,  tlie  hull  boundary  layer  of  the  first  model  was 
altered  by  adding  a 12-inch  (30. 5A  cm)  section  of  1/4-inch  (0.635  cm) 
mesh  screen  33  inches  (83.82  cm)  aft  of  the  bow.  A wake  survey  conducted 
with  the  screen  in  place  showed  no  appreciable  change  from  that  m.ensured 
with  the  bare  hull,  thus,  reaffirming  tiic  fact  that  the  propeller  was 
operating  outside  of  the  hull  boundary  layer. 

In  general,  it  was  felt  that  the  agreement  between  the  ARL  and  tov.’ing 
tank  wake  data  was  excellent  and  warranted  continuation  of  t))e  test  program 
with  no  modification  to  the  model  Installation. 

4.  THRUST  AND  TORQUE 

Once  tlic  overall  model  installation  had  b('en  verified  by  tlie  results 
of  the  v/ake  surveys,  I'ropcller  sliaft  thrust  and  torque  measui  i nieuts  were 
conflurted.  The  thrnsi  and  torque  data  were  automat  i cal  1 v punclu  d ('U 
)nip(  r t/’pe  for  each  of  the  subject  jiropel  1 or,-,  al  s«.le(  li.d  advance.'  lat  io;. 
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spnnnin*',  a ranf;e  20.0  percent  above  and  beloti  t.lie  tiraaiiiied  tiperat  inp,  adv-eina- 
ratio.  Tlio  customary  coefficients  defined  by  the  following  equations; 


Advance  Ratio  ~ J = 


Thrust  Coefficient  = K,^, 


ITIRUST 

' A 
pn  D 

P 


where 


n.  e rr-  • . r TORQUE 

Torque  Coefficient  = , 

' pn  “D 

P 


n = the  rotational  speed  of  the  propeller, 

= the  propeller  diameter 
p = the  fluid  m;iss  density, 

were  calculated  and  plotted  via  tlic  IBM  1130  computer  system. 

Data  were  measured  for  nominal  free  stream  velocities  of  20.0  and 
25.0  ft/sec  (6.096  and  7.62  m/sec)  with  no  measurable  effect  on  the  powering 
data  due  to  the  variation  in  Reynolds  number.  A characteristic  graph 


of  K.J,  and  versus  J is  presented  in  Figure  (8) . Tliese  data  have 

not  been  adjusted  to  reflect  full-scale  ship  performance.  However, 

a onepolnt  comparison  with  predicted  full-scale  powering  data 

was  completed.  At  a given  full-scale  velocity,  was  computed  from 

the  predicted  full-scale  data.  At  tiiis  value  of  K.^.,  tlie  corresponding 

value  of  J was  determined  from  tlie  ARL  model  K.^,  v.s  J curve  to  given 

model/f ull-scal e Ltirust  identity.  At  this  same  value  of  J,  was  determined 

from  I die  ARh  versus  J curve.  This  value  of  was  tlicn  conipared 

willi  the  1,^  computed  from  the  iiredicted  full-scale  data.  The  process 

Is  diagramnied  on  J'igurc  (8).  For  all  jiropcllers  the  agreement  I'Ctwcen 

the  prcdii  ti-d  full-i.e.ile  and  tin.  mensurod  model-scale  values  of  K 


was  within  five  )ii o nl . 
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Tlmo,  for  .1  di!ii l i i-.n.l  vaJuc.s  of  K,^,,  Lhir.  ic'lr.Livu  compar  ison  dononst  rat  ci1 
that  I lie  ART,  r'odel  prodecod  essentially  the  same,  torque  (Rq)  eliu’'o."  ti.r- 
Ist.lcs  as  predicted  from  towing  tank  model  data.  This  was  not  siirp?  isiiig 
when  the.  agreemeiu:  betvjoen  tiie  ARL  and  towing  tank  wakes  is  consi derc'd . 

Once  the  modeling  technique  ha:;  hoen  validated  by  tlie  successful 
wake  surveys  and  powering  tests,  attention  was  focused  on  the  cavitation 
characteristics  of  the  subject  propellers. 


5 . CAVITATl  OR  C.llAlh\CTr,H  I Si  1 CS 


The  primary  concern  of  this  test  program  \;as  the  documentation 
of  the  cavitation  characteristics  of  the  subject  propellers.  The  cavitation 
characteristics  were  recorded  by  visually  determining  the  desinent  cavitation 
condition  for  the  various  ioms  of  cavitation  as  a function  of  advance 
ratio  and  by  sketcliing  t lie.  cavitation  )iattcrns  characteristic  of  certain 
prescribed  oiierating  conditions.  Typical  cavitation  forms  arc  shown 
in  Figure  (9)  with  the  propellers  operating  in  tlio  water  tunnel  environuent. 

At  a given  velocity,  the  cavitation  observations  were  made  by 
synchronizing  a stroboscopic  light  source  with  the  rotational  speed 
of  the  propeller  and  then  reducing  the  tunnel  pressure  level  until  a 
particular  type  of  cavitation  had  fortned.  The  pressure  was  then  increased 
until  the.  desinent  condition  was  reached,  at  which  time  the  pertinent 
parameters  were  recorded  and  supplied  as  card  input  to  the  cavitation 
data  reduction  program,  i'he  static  pressure  ^ and  the  velocity 
V.J,  measured  by  th.e  wall  mounted  pi  tot-slat  ie  probe  in  the  propeller 
plane  \,’ere  corrected  to  free-stream  condition:;  (P  and  V ) by  tlic  prcviouslv 
d j.5ictu;scd  blockngc  TIjo  c:iV7 1 «il.  ion  iiulox,  CT,  wns  coinj^utod  froni 
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= the  (loKinent  frct-sl  ream  slatic  prosjnire, 

= the  vapor  prcsfaire  of  the  water  at  its  .average 
tempe-rature . 

The  cavitation  data  for  each  of  ihe  propeJlcrn  \;ere  ))j  (.r  ented  as 
curves  of  o versus  J.  A typica.l  grapli  is  presented  in  Figure  (10)  wln^rt 
the  curves  representing  the  vtirious  cavitation  forms  have  been  identified. 

Also  included  on  the  cavitation  figure  is  the  "ship's  o;>erating 
curve"  and  tlie  corresponding  inception  speeds  for  tlic  various  cavitation 
forms.  The  development  of  this  curve  for  these  cavitation  data  is  discussed 
in  detail  in  the  following  section.  It  should  be  noted  tliat  the  cavitation 
characteristics  of  an  individual  blade  were  a function  of  its  angular 
position.  Tills  effect  results  from  the  unsymmetric  flov;  field  produced 
by  the  various  upstream  struts,  .shalLs  and  appendages.  Tlie  desinent 
cavitation  data  documented  in  these  iirogms  corresponded  to  the  "all- 
clean" condition  for  the  particular  cavitation  form. 

6.  SHIP'S  OPERATING  CURVES 

The  cavitation  characteristics  of  the  model  propellers  were  compared 
with  that  of  the  full-scale  propellers  on  the  basis  of  "tlirust  identity," 
l.e.,  at  the  same  thrust  coefficient.  Predicted  data  on  the  thrusting 
characteristics  of  the  full-scale  propel  U-rs  in  the  self-propelling 
state  were  obtaiuini  from  towing  tank  tests.  These  thrust  data  were  derived 
from  model  tests  in  the  towing  tank  for  a series  of  ship  speeds, 

W’ith  the  rpm  adjinsted  to  permit  sel  f-propulsion  at  eacli  siun'd.  The 
thrust  values  fuinislied  i.’ere  not  I he  simple  sel  f-)iropul  sion  values  that 
would  he  dorivid  f ra..i  tlie  modi  1 i ur.  in  (he  towing  lank  hut  rather  refli'Cti'd 
an  e.vpectid  rhailgr’  in  i i .sisl  auee  ul  I he  lull-scale  ship  ovei  Die  I'Kulel 
at  each  speed. 

A 
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T1il>  iircdlctcd,  full-scale  thrust  values  were  tlien  eom|>ntc>il  in  coefficient 
foiM  usiii}',  uncorrcc f eci , full-scale  rpr.i  values,  wliicli  were  also  dc'termi.ni'd 
from  towing  tank  model  measuremciU s . On  the  basis  of  tlirust  identity, 
these  thrust  coefficient  values  wre  used  to  enter  the  ARL  r.iodel 
vs  J curves  to  obtain  a water  tunnel  model  J for  each  V . Knowing  tlic 
operating  depth  of  tlie  propeller  hub  permitted  tl-.e  values  to  be  converted 
into  cavitation  indices.  Therefore,  a O v.s  J curve  was  generated  for 
eacli  model  propeller.  Each  of  these  curves  (sltip's  operating  curves) 
was  Superimposed  on  the  appropriate  model  cavitation  inception  plot 
and  its  intersection  witli  a desinent  cavitation  curve  determined  a 
critical  cavitation  index  for  a particular  kind  of  cavitation. 

A critical  or  so-called  inception  speed  V7as  calculated  from  the 
corresponding  critical  cavitation  index. 

7.  DISCUSSlOK  OF  EE.SULTS 

The  data  presented  in  Figure  (7)  show  the  excellent  agreonient 
between  the  wake  data  measured  in  tlie  water  tunnel  and  that  measured 
in  the  tov;ing  tank.  Also  demonstrated  is  the  fact  that  the  radial  and 
peripheral  components  of  wake  velocity  can  be  as  great  as  20  percent 
of  the  free-stream  or  sliip  velocity.  Therefore,  in  the  employment  of 
screens  or  flow  regulators  which  simulate?  only  the  axial  component  of 
the  wake  velocity  this  peripheral  velocity  comiionent  will  he  absent. 

For  propeller.s  typical  of  the  ones  tested  in  this  program,  the  absence 
of  tlie  peripheral  velocity  can  lead  to  an  error  in  the  flow  incidence 
to  the  blade  tip  af  approximately  10.5  degree.  I'or  blade  sections  with 
low  values  of  thickncss-to-chord  ratio  such  as  employed  at  jiropellcr 
blade  ti]is,  this  error  is  enough  to  cause  increased  susce.)it’ hi  1 i t y to 


cav  i r a t i on . 


r 
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Ihc'  relative  cavitation  characteristics  of  tlie  individual  propeiio's 
were  obtained  by  comparing  tlie  inception  speeds.  The  usual  pressure 
face  and  suction  face  forras  of  cavitation,  as  well  as  tip  and  hub  vorto: 
cavitation,  were  observed.  The  characteristics  of  these  fovir,:;  of  cavitation 
were  a function  of  the  circuniferential  position  witli  the  area  behind 
the  struts  and  in  tlie  "shaft  shadow"  being  most  critical. 

Tlie  cavitation  patterns  such  as  those  shown  in  Figure  (12)  that 
were  sketched  at  specific  points  on  the  sliips  operating  curve  supported 
the  measured  cavitation  data.  These  patterns  were  usually  recorded  at 
the  most  critical  circumferential  blade  location.  In  addition,  cavitation 
patterns  at  several  angular  po.sitions,  as  in  Reference  (c) , should  be 
recorded  to  Illustrate  the  asymmetric  nature  of  the  cavitation. 

During  a second  test  program  involving  the  first  model  installation, 
the  revised,  streamlined  barrel  support  struts  were  available.  Tin's 
provided  an  opportunity  to  as.sess  the  effect  of  strut  geometry  on  the 
propeller  cavitation  characteristics.  The  resulting  data  arc  presented 
in  Figure  (13)  where  a sketcii  of  the  coniparative  strut  geoineti'y  is  also 
shown.  In  general,  the  blade  forms  of  c.avitation  exhibited  an  improved 
resistance  to  cavitation  while  operating  in  the  presence  of  streamlined 
strut . 


A limited  amount  of  testing  was  performed  with  the  rudder  deflected. 

The  thrust  and  torque  of  tlie  propeller  v.’cre  measured  with  the  rudder 
deflected  25°  in  both  the  port  and  starboard  directions.  No  significant 
differcnce.s  were  measured  in  the  and  versus  .1  relationship  from 
that  measured  with  no  rudder  dc.flection.  However,  with  the.  rudder  deflected 
25°  to  the  port.  thc>  desinont  cavitation  indii'C's  ch.ir.acteri  st  i c of  the 


1 


hub  vortex  and  tin-  liading 


I'li " i- 


pi  t.r< 


face  cavi  t at  i(iii  v.'oro  n bi.ced. 
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Whereas,  the  critical  Indices  for  Uie  lending  edge  suction  face  and 
tip  vortex  cavitation,  showed  little  change.  The  results  are  displayed 
graphically  in  Figure  (13)  where  it  can  be  seen  that  the  suction  surface, 
of  the  rudder  exhibited  the  critical  cavitation  character i s tic.s  for 
this  rudder  position.  With  tljesc  limited  ob£;ervations , it  is  apparent 
that  the  cavitation  characteristic.^  can  be  affected  by  rudder  throw. 

Thus,  on  the  basis  of  the  desinent  cavitation  results  it  was  po.ssible 
to  recommend  a propeller  de.sign  for  the  full-scale  sliip.  This  conclusion 
was  based  on  the  concept  of  "maximum  speed  for  no  cavitation"  and  was 
supported  by  the  powering  data  and  the  observed  cavitation  patterns. 


i 
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TYPICA!  CIKaiMirREfNlIIAI  V.'AKf  SURVEY 


Figure  7 - Typical  Circumf crcnLinl  V.’ake  Survey 
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TYPICAL  ARL  MEASURLD  THRUST  AND  TORQUE  PERrORMANCE 


FOR  A SiNGIE  SCREW  .ViODM,  PKOPilLfR 


Fl}>,iire  8 - Typical  ARL  Measured  Thrust,  and  Torcjue  Data  for 
a Model  PropclTc.r 
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TYPICAI.  CAVIIATIOrj  DATA  FOR  A AlOI'D.  PROl'tU  FR 


CAVITATION  FORMS 

o HUB  VORIF.X 

A TIP  V0R1FX 

O FUJBBIE  AT  THE  PROP- 
HUB  JUNC110N 

Q (FADING  FI/GF 

PRISSURI  FACF  (BACK) 


Figure  10  - Typical  Cavitation  Data  for  a Model  Propeller 
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CAVITATION  DATA  SHOWING  lilt  lirtCl  01  STRUT  GEOMETRY 
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CAVITATION  TORlvIS 

-o-ORlGINAE,  RAT-PI  ATE  STRUTS 

-e-RtVISLTj,  STREAMUNEL)  SIRUIS 

O BlIITBl.t  CAVITATION  AT  THE 
PROI’-HUI!  JUNCTION 

O RI.AUl  SURFACE,  SUCl  ION- TACE 
CAVUMIOM 

A TIP-VOIMIX  CAVITATION 

D LEADING  EDGE,  PRESSURE-! ACE 
CAVIIATIOM 

o Hlir,  VORTEX 


l’i{;urc  11  - Cavitation  Data  Showing  tho  Effect  of  Support  Strut  Ccomclry 
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Figure  13  - Cavitntlon  iJata  Showing  tlu>  Effoct.  of  Rudclc>r  TTiruw 
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